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1
APPARATUS AND METHOD FOR
RECEIVING AND SENDING ENDS OF
WIRELESS COMMUNICATION SYSTEM,
AND SOFT INFORMATION ESTIMATOR

This application claims a priority to Chinese Patent Appli-
cation No. 201610237386.7, titled “APPARATUS AND
METHOD FOR RECEIVING AND TRANSMITTING
ENDS OF WIRELESS COMMUNICATION SYSTEM,
AND SOFT INFORMATION ESTIMATOR?”, and filed with
the Chinese State Intellectual Property Office on Apr. 15,
2016, which is incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

The embodiments of present disclosure generally relate to
the field of wireless communications, particularly to hybrid
multiple access technology, and more particularly to an
apparatus and a method for a transmitting end and a receiv-
ing end of a wireless communication system, and a soft
information estimator.

BACKGROUND OF THE INVENTION

Hybrid multiple access (HMA) technology has a wide
application prospect. As compared with other onefold mul-
tiple access technology such as frequency division multiple
access (FDMA), orthogonal frequency division multiple
access (OFDMA), code division multiple access (CDMA)
and interleave division multiple access (IDMA), the HMA
technology has a layered structure, and combines advan-
tages of technologies used in all layers. Therefore, it is
expected to apply the HMA technology to the next-genera-
tion wireless communication system due to advantages of
the HMA technology such as high quality of service and
high anti-interference ability.

SUMMARY OF THE INVENTION

In the following, an overview of the present invention is
given simply to provide basic understanding to some aspects
of the present invention. It should be understood that this
overview is not an exhaustive overview of the present
invention. It is not intended to determine a critical part or an
important part of the present invention, nor to limit the scope
of the present invention. An object of the overview is only
to give some concepts in a simplified manner, which serves
as a preface of a more detailed description described later.

An apparatus for a transmitting end of a wireless com-
munication system is provided according to an aspect of the
present disclosure, which includes: an interleave division
multiple access unit, configured to perform interleaving
processing on information to be transmitted; and a filter
bank multi-carrier unit, configured to transmit the inter-
leaved information in parallel using particular pre-selected
sub-carriers.

An apparatus for a receiving end of a wireless commu-
nication system is provided according to another aspect of
the present disclosure, which includes: a soft information
estimator, configured to calculate, based on received data
and apriori statistical information of a real part and an
imaginary part of each group of code chip for each user,
external soft information of the real part and the imaginary
part of the code chip respectively, wherein the apriori
statistical information is acquired based on apriori soft
information of the code chip, and an initial value of the
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apriori soft information is zero; an updating unit, configured
to update, based on the external soft information, the apriori
soft information corresponding to the code chip of the user,
calculate, based on the updated apriori soft information, the
apriori statistical information corresponding to the code chip
of the user, and provide the calculated apriori statistical
information to the soft information estimator to update the
apriori statistical information; an iteration control unit, con-
figured to control the soft information estimator and the
updating unit to perform iteration operations, until a prede-
termined condition is met; and a decision unit, configured to
perform hard decision based on the external soft information
of the code chip in a case that the predetermined condition
is met.

A soft information estimator is provided according to
another aspect of the present disclosure. The soft informa-
tion estimator is configured to calculate, based on received
data and apriori statistical information of a real part and an
imaginary part of each group of code chip for each user,
external soft information of the real part and the imaginary
part of the code chip respectively. The apriori statistical
information is acquired based on apriori soft information of
the code chip, and an initial value of the apriori soft
information is zero.

A method for a transmitting end of a wireless communi-
cation system is provided according to another aspect of the
present disclosure. The method includes: performing inter-
leaving processing on information to be transmitted; and
transmitting the interleaved information in parallel using
particular pre-selected sub-carriers.

A method for a receiving end of a wireless communica-
tion system is provided according to another aspect of the
present disclosure, which includes: calculating, based on
received data and apriori statistical information of a real part
and an imaginary part of each group of code chip for each
user, external soft information of the real part and the
imaginary part of the code chip respectively, wherein the
apriori statistical information is acquired based on apriori
soft information of the code chip, and an initial value of the
apriori soft information is zero; updating, based on the
external soft information, the apriori soft information cor-
responding to the code chip of the user, and calculating,
based on the updated apriori soft information, the apriori
statistical information corresponding to the code chip of the
user; iterating the above processing until a predetermined
condition is met; and performing hard decision based on the
external soft information of the code chip in a case that the
predetermined condition is met.

In the apparatus and the method for the transmitting end
and the receiving end of the wireless communication system
according to the embodiments of the present disclosure,
filter bank multi-carrier technology and interleave division
multiple access technology are combined to implement new
hybrid multiple access technology, thereby -effectively
extending system capacity and improving system perfor-
mance. On the other hand, the soft information estimator
according to the embodiment of the present disclosure can
be applied to soft information estimation of signals in
various modulation formats.

According to other aspects of the present disclosure, there
are further provided computer program codes and computer
program products for implementing methods for a transmit-
ting end and a receiving end of a wireless communication
system and methods for estimating soft information, and a
computer readable storage medium on which the computer
program codes for implementing the methods is recorded.
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These and other advantages of the present disclosure will
be more apparent by illustrating in detail a preferred
embodiment of the present invention in conjunction with
accompanying drawings below.

BRIEF DESCRIPTION OF THE DRAWINGS

To further set forth the above and other advantages and
features of the present invention, detailed description will be
made in the following taken in conjunction with accompa-
nying drawings in which identical or like reference signs
designate identical or like components. The accompanying
drawings, together with the detailed description below, are
incorporated into and form a part of the specification. It
should be noted that the accompanying drawings only
illustrate, by way of example, typical embodiments of the
present invention and should not be construed as a limitation
to the scope of the invention. In the accompanying drawings:

FIG. 1 is a structural block diagram of an apparatus for a
transmitting end of a wireless communication system
according to an embodiment of the present disclosure;

FIG. 2 is a schematic structural block diagram of a filter
bank multi-carrier unit in FIG. 1;

FIG. 3 is a schematic diagram showing interleave division
multiple processing and filter bank multi-carrier processing
performed on K users respectively by a transmitting end;

FIG. 4 is another schematic diagram showing interleave
division multiple processing and filter bank multi-carrier
processing respectively performed on K users by a trans-
mitting end;

FIG. 5 is another structural block diagram of an apparatus
for a transmitting end of a wireless communication system
according to an embodiment of the present disclosure;

FIG. 6 is another structural block diagram of an apparatus
for a transmitting end of a wireless communication system
according to an embodiment of the present disclosure;

FIG. 7 is a diagram showing an example of an information
procedure between a base station and user equipment in a
wireless communication system according to an embodi-
ment of the present disclosure;

FIG. 8 is a structural block diagram of an apparatus for a
receiving end of a wireless communication system accord-
ing to an embodiment of the present disclosure;

FIG. 9 is a schematic structural block diagram of an
updating unit in FIG. 8;

FIG. 10 is a schematic diagram showing receiving pro-
cessing performed by a receiving end;

FIG. 11 is another structural block diagram of an appa-
ratus for a receiving end of a wireless communication
system according to an embodiment of the present disclo-
sure;

FIG. 12 is another schematic diagram showing receiving
processing performed by a receiving end;

FIG. 13 is a structural block diagram of an orthogonal
frequency division multiple-interleave division multiple
access (OFDM-IDMA) communication system according to
the prior art;

FIG. 14 is a diagram showing an example of a spectrum
response of a filter in a filter bank;

FIG. 15 is a graph showing a change of a bit error rate
(BER) in three communication systems with a signal to
noise ratio in a case of the number of sub-carriers being 3;

FIG. 16 is a graph showing a change of a bit error rate
(BER) in three communication systems with a signal to
noise ratio in a case of the number of sub-carriers being 5;
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FIG. 17 is a graph showing a change of a bit error rate
(BER) in three communication systems with a signal to
noise ratio in a case of the number of sub-carriers being 7;

FIG. 18 is a flowchart of a method for a transmitting end
of a wireless communication system according to an
embodiment of the present disclosure;

FIG. 19 is a flowchart of a method for a receiving end of
a wireless communication system according to an embodi-
ment of the present disclosure; and

FIG. 20 is a block diagram of an exemplary block diagram
illustrating the structure of a general purpose personal
computer capable of realizing the method and/or device
and/or system according to the embodiments of the present
invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

An exemplary embodiment of the present invention will
be described hereinafter in conjunction with the accompa-
nying drawings. For the purpose of conciseness and clarity,
not all features of an embodiment are described in this
specification. However, it should be understood that mul-
tiple decisions specific to the embodiment have to be made
in a process of developing any such embodiment to realize
a particular object of a developer, for example, conforming
to those constraints related to a system and a business, and
these constraints may change as the embodiments differs.
Furthermore, it should also be understood that although the
development work may be very complicated and time-
consuming, for those skilled in the art benefiting from the
present disclosure, such development work is only a routine
task.

Here, it should also be noted that in order to avoid
obscuring the present invention due to unnecessary details,
only a device structure and/or processing steps closely
related to the solution according to the present invention are
illustrated in the accompanying drawing, and other details
having little relationship to the present invention are omit-
ted.

First Embodiment

In interleave division multiple access (IDMA) which is
complete non-orthogonal multiple access technology, inde-
pendent interleavers are used to distinguish users, thereby
reducing requirements on a spreading spectrum code. A
spectrum may be spread through encoding, and a maximized
encoding gain is obtained. Therefore, spectrum efficiency
can be raised by improving channel encoding. In addition,
since spectrum spreading may be combined with the channel
encoding, a bandwidth used by the spreading spectrum code
is used for the channel encoding, thereby further reducing a
code rate, maximizing the encoding gain, and effectively
enlarging the system capacity. However, an iterative inter-
ference cancellation manner is used for cancelling interfer-
ence of the multipath channel at a receiving end of the
IDMA, which is complex. Therefore, the IDMA may be
combined with multi-carrier technology having a good per-
formance for resisting multipath and low complexity.

Filter bank multi-carrier (FBMC) technology is used in
the embodiment. FIG. 1 is a structural block diagram of an
apparatus 100 for a transmitting end of a wireless commu-
nication system according to an embodiment of the present
disclosure. The apparatus 100 includes: an interleave divi-
sion multiple access unit 101, configured to perform inter-
leave processing on information to be transmitted; and a
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filter bank multi-carrier unit 102, configured to transmit the
interleaved information in parallel using particular prese-
lected sub-carriers.

The interleave division multiple access unit 101 may be
implemented by any existing interleaver. Different interleav-
ers are used by different users respectively, and the system
may use the interleaver as a unique identifier for distinguish-
ing the users. Then, the filter bank multi-carrier unit 102
filters interleaved data of each of the users. For example,
each of filters in a filter bank used in the filter bank
multi-carrier unit 102 corresponds to a sub-carrier. The filter
bank multi-carrier unit 102 transmits data on a sub-carrier by
selecting a filter corresponding to the sub-carrier. The same
data or different data may be transmitted on the sub-carriers.
Alternatively, a part of data transmitted on the sub-carriers
may be the same with each other. In the apparatus 100, the
same sub-carrier may be used by different users to transmit
data. That is, one sub-carrier may be allocated to multiple
users to be used simultaneously, thereby improving system
capacity.

The FBMC has good anti-carrier-frequency-ofiset perfor-
mance, a requirement for synchronization of the transmitted
data is low, and it is easy to implement simple carrier
aggregation. Therefore, a hybrid division multiple access
system obtained by combining the FBMC and the IDMA can
resist external frequency offset interference better, thereby
achieving good system performance.

In an example, as shown in FIG. 2, the filter bank
multi-carrier unit 102 may include an up-sampling unit
1021, a filter bank 1022 and a combining module 1023. The
up-sampling unit 1021 is configured to perform up-sampling
on the interleaved information. The filter bank 1022 includes
multiple filters, each of which corresponds to a sub-carrier.
The up-sampled user information is inputted to one or more
filters corresponding to particular preselected sub-carriers.
The combining module 1023 is configured to combine
output of the one or more filters for transmitting.

For convenience of description, FIG. 3 shows a schematic
diagram showing interleave division multiple processing
and filter bank multi-carrier processing performed on K
users respectively by a transmitting end. As shown in FIG.
3, a bit vector b, (the bit vector b, may be encoded or not)
of transmitting information of a k-th user is inputted to a
spreader to be spread, to acquire a spread code chip vector
¢ A spreading sequence may be for example an alternate
sequence of {+1, -1}. Then, c, is interleaved by an inter-
leaver m,, to acquire an interleaved code chip vector ¢,. As
described above, K users must correspond to interleavers
different from each other, so that the system can distinguish
the K users. Next, symbol mapping is performed on c,, to
acquire a data stream x, (m), k=1, 2, . . ., K. The symbol
mapping here may be BPSK, QPSK, QAM or the like. The
up-sampling module 1021 performs up-sampling with a
sampling factor of P on each data stream, and the up-
sampled data stream is inputted to one or more preselected
filters, for synchronous filtering. The combining module
1023 combines output of the one or more filters to acquire
output data of each user. Finally, the output data of the K
users is transmitted to a receiving end (not shown in FIG. 3)
through a multiple access channel (MAC).

In addition, as shown by a dashed line block in FIG. 2, the
filter bank multi-carrier unit 102 may further include a cyclic
prefix module 1024. The cyclic prefix module 1024 is
configured to insert a cyclic prefix into the interleaved
information before up-sampling is performed on the inter-
leaved information. For example, the cyclic prefix is inserted
into the interleaved information to improve communication
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quality, so that the interleaved information may be used in
a situation of low channel quality. Similar to FIG. 3, FIG. 4
is a schematic diagram showing processing performed at the
transmitting end in a case that the cyclic prefix is inserted.
It can be seen that processing of inserting the cyclic prefix
is performed between the mapping and the up-sampling.

In an example, the transmitting end is user equipment. As
shown in FIG. 5, the apparatus 100 may further include a
transceiving unit 201. The transceiving unit 201 is config-
ured to receive information, from a base station, information
as to whether a cyclic prefix is to be used and/or information
about the number N of the sub-carriers to be selected. In the
example, the base station determines, based on factors such
as channel quality, a quality of service requirement and the
number of active users (that is, the number of user equip-
ment in a connection state), whether to use a cyclic prefix
and the number N of the sub-carriers to be used by the user
equipment. For example, the cyclic prefix may be used in a
case that the channel quality is poor or the quality of service
requirement is high. A large N may be set in a case that the
quality of service requirement is high and the number of
active users is small.

As shown by a dashed line block in FIG. 5, the apparatus
100 may further include a selecting unit 202, configured to
randomly select N sub-carriers as particular sub-carriers.
Various appropriate random selection algorithms may be
used.

In addition, the transceiving unit 201 may be further
configured to receive, from the base station, information
related to a data length and the filter bank, so that the user
equipment performs data packeting and filter generation
based on the related information. For example, upon receiv-
ing a data transmission request from the user equipment, the
base station generates parameter setting on data and sub-
carriers which includes for example a parameter on a data
length, a parameter on the filter bank and the like, and
transmits the parameter setting to the user equipment in a
data transmission response. By transmitting the parameters,
it can be ensured that both the transmitting end and the
receiving end have the same understanding on the data
packets and the filter parameters.

In another example, the transmitting end is a base station.
As shown in FIG. 6, the apparatus 100 may further include
a determining unit 301. The determining unit 301 is con-
figured to determine, based on a result of channel estimation,
whether to use a cyclic prefix and the number of sub-carriers
to be used by the user equipment. The base station may
perform channel estimation using a training sequence
received from the user equipment.

As shown by a dashed line block in FIG. 6, the apparatus
100 may further include a transceiving unit 302. The trans-
ceiving unit 302 is configured to: receive a training sequence
and a quality of service requirement from the user equip-
ment, so that the base station performs channel estimation
based on the training sequence and the quality of service
requirement; and transmits to the user equipment, informa-
tion as to whether to use a cyclic prefix and/or the number
of sub-carriers to be used by the user equipment.

In addition, the transceiving unit 302 may be further
configured to transmit information related to a data length
and the filter bank to the user equipment upon receiving a
data transmission request from the user equipment. As
described above, the user equipment may package data to be
transmitted and generate filters in the filter bank, based on
the related information. In an example, the information
related to the filter bank includes at least one of the number
of sub-carriers, the length of the filter, a center frequency and
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a bandwidth. It should be understood that the parameter is
only exemplary and is not limited thereto.

The user equipment (UE) and the base station (BS)
including the above apparatus 100 constitute a wireless
communication system based on filter bank multi-carrier
interleave division multiple access (FBMC-IDMA). For
convenience of understanding, FIG. 7 shows an example of
an information procedure between the base station and the
user equipment in the wireless communication system. In
the example, a time division duplex uplink data transmission
system is taken as an example for description.

As shown in FIG. 7, the UE first transmits a data trans-
mission request to the BS. Upon receiving the data trans-
mission request, the BS detects whether it is suitable to
perform communication in an ambient environment, and
generates parameter settings on a data length and sub-
carriers in response to the data transmission request in a case
that it is suitable to perform communication in an ambient
environment, and transmits the parameter settings to the UE
in a data transmission response. The UE performs data
packeting and filter generation based on the received param-
eter settings on the data length and the sub-carriers. A way
of data packeting and the parameters of the filter are agreed
by both the UE and the BS.

Next, the UE transmits a quality of service (QoS) require-
ment and a training sequence to the BS. The BS performs
channel estimation based on the received training sequence,
and determines a channel state based on a result of the
channel estimation, to determine to use cyclic prefix (CP)
IDMA-FBMC or non-cyclic prefix (NCP) IDMA-FBMC.
For example, the NCP IDMA-FBMC may be used if the
channel state is good, and the CP IDMA-FBMC is used if
the channel state is bad. The BS may further determine the
minimum CP length N =(N+L-1) P, where N, represents a
length of the filter, . represents a channel length, and P
represents an up-sampling ratio. Then, the BS determines,
based on information on the channel state obtained by the
channel estimation, the number of active users, the QoS
requirement and the like, the number of sub-carriers to be
allocated to the UE.

Subsequently, the BS transmits a decision on whether to
use CP, information on the number of sub-carriers and a data
transmission instruction to the UE. Upon receiving the data
transmission instruction, the UE randomly selects sub-car-
riers based on the received number of sub-carriers, that is,
the UE selects filters in the filter bank corresponding to the
sub-carriers, to transmit uplink data in parallel on the
selected sub-carriers. The BS receives the data with a
corresponding receiving method, and may also transmit
downlink data if necessary.

In the above signaling interaction process, data volume of
most of signaling data is small, and the signaling data may
be transmitted through a control channel. Only the data
volume of the training sequence and the data block is large,
and the training sequence and the data block are transmitted
through a data channel.

In the embodiment, in the hybrid multiple access system
obtained by combining the FBMC and the IDMA, not only
external frequency offset interference can be resisted better
to implement a good system performance, but also only a
part of filters in the filter bank may be used, and the same
sub-carrier may be allocated to different user equipment to
be used simultaneously, thereby improving system capacity
and configuration flexibility.

Second Embodiment

FIG. 8 is a structural block diagram of an apparatus 200
for a receiving end of a wireless communication system
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according to an embodiment of the present disclosure, the
apparatus 200 includes a soft information estimator 201, an
updating unit 202, an iteration control unit 203 and a
decision unit 204. The soft information estimator 201 is
configured to calculate, based on received data and apriori
statistical information of a real part and an imaginary part of
each group of code chip for each user, external soft infor-
mation of the real part and the imaginary part of the code
chip respectively. The apriori statistical information is
acquired based on apriori soft information of the code chip,
and an initial value of the apriori soft information is 0. The
updating unit 202 is configured to update, based on the
external soft information, the apriori soft information cor-
responding to the code chip of the user, calculate, based on
the updated apriori soft information, the apriori statistical
information corresponding to the code chip of the user, and
provide the calculated apriori statistical information to the
soft information estimator 201 to update the above apriori
statistical information. The iteration control unit 203 is
configured to control the soft information estimator 201 and
the updating unit 202 to perform iteration operations, until
a predetermined condition is met. The decision unit 204 is
configured to perform hard decision based on the external
soft information of the code chip in a case that the prede-
termined condition is met.

The receiving end in the embodiment may be configured
to for example receive data transmitted by the transmitting
end of the apparatus 100 according to the first embodiment.
In the apparatus 200, the received signal is inputted into the
soft information estimator 201. The soft information esti-
mator 201 divides the received data obtained by synthesiz-
ing data of multiple users into data streams corresponding to
the users through code chip-level interference cancellation.
In addition, the apparatus 200 processes a real part and an
imaginary part of the received signal, respectively.

A structure of the apparatus 200 is described below with
an example where the received signal is a signal transmitted
from the transmitting end shown in FIG. 3 and passing
through the MAC. However, it should be understood that the
signal which can be received by the apparatus 200 is not
limited thereto, and the description here is only for conve-
nience.

Exemplarily, as shown in FIG. 9, the updating unit 202
may include a down-sampling module 2021, an updating
module 2022 and an up-sampling module 2023. The down-
sampling module 2021 is configured to perform down-
sampling on the external soft information to acquire second
external soft information of a data stream corresponding to
the user. The updating module 2022 is configured to update
the apriori soft information of the data stream corresponding
to the user using the second external soft information, and
calculates the apriori statistical information of the data
stream corresponding to the user based on the updated
apriori soft information. The up-sampling module 2023 is
configured to perform up-sampling on the updated apriori
statistical information, to acquire apriori statistical informa-
tion of the code chip. The second external soft information
here is only used to be distinguished from the external soft
information of the code chip, and means no sequence. Since
the up-sampling is performed at the transmitting end, cor-
responding down-sampling is required to be performed at
the receiving end to acquire related parameters or informa-
tion of the corresponding data stream.

In an example, non-cyclic prefix filter bank multi-carrier
interleave division multiple access (NCP FBMC-IDMA)
technology is used. The transmitting end includes the appa-
ratus 100 according to the first embodiment, the receiving
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end includes the apparatus 200 according to the embodi-
ment, and a multiple access channel is used between the
transmitting end and the receiving end. As described above,
a chip-by-chip detection algorithm is used in the apparatus
200.

FIG. 10 is a schematic diagram showing receiving pro-
cessing in the example. The units in the apparatus 200 are
described in detail below with reference to FIG. 10. As
shown in FIG. 10, the soft information estimator 201 cal-
culates, based on received data and apriori statistical infor-
mation of each group of code chip for each user, external
soft information of the real part and the imaginary part of the
code chip respectively. It should be noted that since pro-
cessing on the real part is the same as processing on the
imaginary part, whether the following description is for the
real part or the imaginary part is not indicated in particular,
and the following description is applicable to both the real
part and the imaginary part. In this way, the soft information
estimator 201 may be applicable for a signal in various
modulation formats, which includes but is not limited to
BPSK, QPSK, QAM or the like. The external soft informa-
tion represents a probability that the received signal is
determined as a certain transmitting value.

Next, the updating unit 202 updates the apriori statistical
information based on the calculated external soft informa-
tion, and provides the updated apriori statistical information
to the soft information estimator, to perform an iteration
operation until a predetermined condition is met. The pre-
determined condition may refer to for example that a pre-
determined number of iterations is reached. Processing
performed by the updating unit 202 is shown by a block in
FIG. 10. In a case that the predetermined condition is met,
the decision unit 204 performs hard decision based on the
external soft information of the code chip. For example, the
decision unit 204 performs hard decision on output of the
decoder at this time, to acquire an estimated sequence
d, ..., d.

For example, after a signal is transmitted through an
MAC, the received signal r may be represented as follows.

K M
r= Z Hy % + f,
k=1

where r=[r(1),/2), . . . #(N)]T )
FFBOF), - AT 3)
E-EDEQ), - .. E]T @
Pegi(1) 0 0 0 0 [©)]
hegi(2)  hegu(l) 0 0

: : . 0 . :

Hy =

hegi(D) hegpl—=1) ... 0 0 0

0 0 o hegi (D) hegiU=1) oo R (D)

where N represents a length of the code chip, and is a
natural number, r(j) represents each received symbol data,
{%.(3)} represents up-sampled data of {x,(m)}, E(j) repre-
sents additive white Gaussian noise (AWGN), h,, (1) rep-
resents an equivalent channel synthesized by all sub-carriers
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selected by the k-th user and multiple access channel (MAC)
of the k-th user, H, represents a Toeplitz matrix of NxN
composed of h,, (1) as a first column.

The formula (1) may be written as:

©

r=H +&,

& Er—ijCk:ZHk";ck’ +& @

Kk

where &, represents interference (which includes noise
and is referred to as a sum of noise and interference
hereinafter) corresponding to the k-th user. &, may be
approximately represented as a Gaussian variable according
to the central limit theorem, and a probability density
function (PDF) of the Gaussian variable is determined by its
mean value and variance.

In the example, the apriori statistical information includes
a mean value and variance, and the soft information esti-
mator 201 calculates, based on the mean value and the
variance of the code chip, a mean value matrix and a
covariance matrix of a sum of noise and interference, to
acquire external soft information of the code chip.

In an example, the soft information estimator 201 may
calculate the above external soft information according to a
formula as follows.

ezse =2 (Cov(E)  (r-E(E) ®
where e (X,) represents the acquired external soft infor-
mation, and

EEQ=E(n-HER;) ©

Cov(E)=Cov(r)-H,Cov(F H, 7 (10)

Cov(r) represents a covariance matrix of the received
data, a superscript H represents a conjugate transpose opera-
tion, Cov(E,) represents a covariance matrix of the sum of
noise and interference of the k-th user, and a superscript -1
represents a matrix inverse operation, E(X,) represents a
mean value of a vector X,, and represents a mean vector of
the code chip composed of mean values of the code chip,
Cov(X,) represents a covariance matrix of the vector %,, and
represents a covariance matrix of the code chip composed by
taking variance of the code chip as a diagonal element. E(X;)
and Cov(%") may be calculated with the following (11) and
(12) respectively.

S EGOT

E@)=[EE(D).EF2)), - - an

Cov(#)=diag(Var(%(1)),Var(£(2)), . . . ,\Var(& )}

where E(X.(j)) and Var(X,(j)) represent a mean value and
variance of the code chip, and may be acquired by up-
sampling the mean value and the variance of the data stream
X, (m) through the up-sampling module 2023, as shown
below.

(12)

EF@GN=Em)p (13)

Var(®,(7)=(Var(x,(m))) 1P

where , , represents up-sampling with an up-sampling factor
of P. For example, the mean value and the variance of the

(14)
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data stream may be calculated by the updating module 2022
according to a formula as follows.

E(x(m)=Re(E(x(m)))+/Im(Ex(m))=E(Re(x(m)))+
JE(Im(xi(m))) s

where E(Re(xi(m)))=tan k(epzA(Re(x(m)))/2),

E(Im(xz(m)))=tan h(epz(Im(xi(m)))/2), and

Var(x(m))=Re(Var(x;(m))+/Im(Var(x,(m)))=Var(Re
(Gez(m)))+7Var(m(x(m))) 16
where Var(Re(x(m)))=1-(E(Re(x(m))))?, and

Var(m(x,(m)))=1-(EIm(x(m))*

where x,(m) represents a data stream of a k-th user, and
E( ) represents the mean value, Var( ) represents the vari-
ance, and Re represents a real part, Im represents an imagi-
nary part. e,z~(Re(x,(m))) represents apriori soft informa-
tion of the real part of the data stream, e, (Im(x,(m)))
represents apriori soft information of the imaginary part of
the data stream, that is, the mean value and the variance of
the data stream are acquired according to the apriori soft
information of the data stream. The apriori soft information
is set to be zero in initial iteration.

After the external soft information of the code chip is
calculated by the soft information estimator 201 as described
above, the down-sampling module 2021 performs down-
sampling on the external soft information to acquire second
external soft information e, .(x,(m)) of the corresponding
data stream. The updating module 2022 may be configured
to perform de-mapping, de-interleaving and decoding cor-
responding to the user using the second external soft infor-
mation to acquire third external soft information, and per-
form corresponding interleaving and mapping using the
third external soft information to acquire updated apriori soft
information e,z (X, (m)) of the data stream corresponding to
the user. The updating module 2022 calculates updated
apriori statistical information of the data stream using for-
mulas (15) and (16). The up-sampling module 2023 acquires
updated apriori statistical information of the code chip using
formulas (13) and (14). The soft information estimator 201
calculates the updated external soft information using for-
mulas (8) to (12), so that a new turn of iteration calculation
can be performed.

In addition, although down-sampling is performed on the
external soft information of the code chip after the external
soft information is calculated in the above example, down-
sampling may also be performed on the mean value matrix
E(E,) and covariance matrix Cov(E,) of the sum of noise and
interference, and second external soft information egqx(x,
(m)) of the data stream may be calculated directly according
to the formula (8). It should be understood that calculation
results in the two manners are the same with each other, and
just calculation amount are different.

The iteration control unit 203 controls the soft informa-
tion estimator 201 and the updating unit 202 to repeat the
above calculation, until a predetermined condition is met.
The predetermined condition may refer to for example that
a predetermined number of iterations is reached. In a case
that the predetermined condition is met, the decision unit
204 performs hard decision based on the external soft
information of the code chip at this time. For example, in
FIG. 10, the decision unit 204 may perform hard decision on
output of the decoder.

In another example, cyclic prefix filter bank multicarrier
interleave division multiple access (CP FBMC-IDMA) com-
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munication technology is used. The transmitting end
includes the apparatus 100 according to the first embodi-
ment, and the receiving end includes the apparatus 200
according to the embodiment. A multiple access channel is
provided between the transmitting end and the receiving
end. As described above, chip-by-chip detection algorithm is
still used by the apparatus 200.

As shown in FIG. 11, in the example, in addition to the
units shown in FIG. 8, the apparatus 200 further includes: a
cyclic prefix removing unit 205, configured to remove a
cyclic prefix in the received data; and a Fourier transform
unit 206, configured to perform fast Fourier transform (FFT)
on the received data from which the cyclic prefix is
removed, and provide the transformed received data to the
soft information estimator 201. The Fourier transform unit
206 is further configured to acquire apriori statistical infor-
mation of the code chip calculated by the updating unit 202,
perform FFT on the apriori statistical information to acquire
apriori statistical information of the code chip in frequency
domain, and provide the apriori statistical information in
frequency domain to the soft information estimator 201. The
soft information estimator 201 calculates, based on the
apriori statistical information of the code chip in frequency
domain and the transformed received data, the updated
statistical information in frequency domain. The soft infor-
mation estimator 201 further includes an inverse fast Fourier
transform module configured to perform inverse FFT (IFFT)
on the updated statistical information in frequency domain
to acquire statistical information in time domain. The soft
information estimator 201 calculates external soft informa-
tion based on the statistical information in time domain.

FIG. 12 is a schematic diagram showing receiving pro-
cessing in the example. As is different from the above
example, since a cyclic prefix is added, processing of
Fourier transform and inverse Fourier transform are added to
reduce calculation complexity of the receiving end. The soft
information estimator performs processing in the frequency
domain.

For example, after a transmitting signal is transmitted
through the MAC, a received signal may be represented as
follows.

K (17
r=3 H +£,
k=1

where =[r(1),7(2), . . . #(W)]T (18)
HFBAQ2), - H@]T (19)
E-EDED), .. ., BT (20)
hegi(1) 0 0 heqi (D - hegr(2) @D
Pegi(2)  Pegi(l) 0 o hegi(3)

: : . 0 : :

Hy =

hegi () hege(l=1) ... 0 0 0

0 0 o hegp (D) hegil=1) oo hegi(1)

where, similarly, r(j) represents each received symbol
data, %,(j) represents up-sampled data of x,(m), x,(m) rep-
resents data before the CP is added at the transmitting end,
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£(j) represents additive white Gaussian noise (AWGN),
h,, (1) represents an equivalent channel synthesized by all
sub-carriers selected by the k-th user and the multiple access
channel (MAC) of the k-th user, H, represents a cyclic
matrix of NxN composed of b, (1) as a first column. It can
be seen that H, here is different from H, in the NCP
FBMC-IDMA.

Fast Fourier transform (FFT) is performed on the formula
(17), to obtain a formula (22) as follows.

K (22)
R= Z AcXi + Z,
k=1

where R, X, and Z represent signals in frequency domain
obtained after subjecting r, X, and & to an FFT operation,
respectively, A,=diag{\, (1), ., (2), . . ., A,(N)}, A, denotes
a diagonal matrix by taking {A (1), A(2), . . ., A(N)} as a
diagonal element of the matrix, and {i, (1), A,(2), . . .,
M(N)} is a value corresponding to h,, (1) obtained after
N-point FFT is performed on h,, (D).

For each row in the formula (22), a following formula
(23) is established.

K 23)
R(n) = Zlk(n)Xk(n) +Zm),n=1,2,... ,N
k=1

where R(n), A,(n), X,(n) and Z(n) denote a n-th element
of R, A, X, and Z, respectively.
The formula (23) may be also be written as:

R(m) = () X, () + e (), @4

@5

() = R(n) = L (W X () = Z A (M Xy () + )
Kk

where m,(n) represents a sum of interference and noise
corresponding to the k-th user. 1,(n) may be approximately
represented as a Gaussian variable according to the central
limit theorem, and a probability density function (PDF) of
the Gaussian variable is determined by its mean value and
variance.

In the example, the apriori statistical information is the
mean value. The soft information estimator 201 calculates
the soft external information as follows: calculating a mean
value of a sum of noise and interference based on the mean
value of the code chip in frequency domain, to acquire an
updated mean value of the code chip in the frequency
domain; performing, by the inverse fast Fourier transform
module, inverse FFT on the updated mean value in the
frequency domain, to obtain a mean value of the code chip
in time domain; and calculating the external soft information
based on the mean value of the code chip in time domain.

For example, the soft information estimator 201 may
calculate the external soft information according to a for-
mula as follows.

1+ E(x (m)) ) (26)

epsg(x (m)) = 1I1( T-Eom)
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where e (X, (m)) represents acquired external soft infor-
mation, E(x,(m)) represents updated statistical information
of a data stream calculated based on the received data and
the apriori statistical information of the code chip. An
updating process is performed in the frequency domain as
shown below.

E(e(m)=(ffEX)), » @7

where | P denotes down-sampling with a down-sampling
factor of P,

where
E(R(n)) — E(mi (n)) 28
EX ()= ——— "~
(Xi () P
where R(n) represents transformed received data,
29)

K
E(mne(n) = Z A (WE(Xy (n)
K=1
Kk

E(X,{n)) represents a mean value of the code chip in
frequency domain, and k' is only used to be distinguished
from k. E(X,(n)) may be obtained as follows: the up-
sampling module 2023 may perform up-sampling on the
mean value of the data stream in time domain, and the
Fourier transform unit 206 performs an FFT operation on the
up-sampled mean value in time domain, as shown by the
following formula for the k-th user.

EXm)=f1((Ex(m)) 1 p) (30)

For example, the mean value of the data stream in time
domain may be calculated by the updating module 2022
according to a formula as follows.

E(xm)=Re(Ex(m))+7Im(Exi(m))=E(Re(x(m)+

JE(Im(x(m))) Gy

where E(Re(x,(m)))=tan k(epz(Re(x(m)))/2), and

E(Im(x(m))=tan h(epgc(Im(x(m))12),

where x,(m) represents a data stream of the k-th user,
E( ) represents a mean value, Re represents a real part, Im
represents an imaginary part, e,z~(Re(x,(m))) represents
apriori soft information of the real part of the data stream,
and e, z(Im(x,(m))) represents apriori soft information of
the imaginary part of the data stream. Similarly, an initial
value of the apriori soft information is set to be zero in the
first iteration.

The external soft information of the data stream is cal-
culated directly according to the above formula (26), since
down-sampling is performed during the calculation of the
updated statistical information according to the formula
(27). However, as shown strictly in the structure in FIG. 12,
down-sampling may be not performed in the formula (27),
and the down-sampling is performed on the external soft
information after the updated statistical information is trans-
formed into the external soft information. In this case, the
following formulas (32) and (33) are established.
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E& () = ff E(X () (B2

1+ EG () ]]
=|ln| ———=
egsg (X (m)) (“(1 —-EG () p

33

It should be understood that the two ways produce the
same results, and the difference only lies in different calcu-
lation amount.

After second external soft information e, (x,(m)) (the
“second” here is used to be distinguished from the external
soft information of the code chip, and is kept consistent with
the previous example) of the data stream is acquired by the
soft information estimator 201 and the down-sampling mod-
ule 2021 as described above, the updating module 2022 may
be configured to perform de-mapping, de-interleaving and
decoding corresponding to the user using the second exter-
nal soft information to acquire third external soft informa-
tion, and perform corresponding interleaving and mapping
using the third external soft information to acquire the
updated apriori soft information e,(X,(m)) of the data
stream corresponding to the user. Then, the updating module
2022 calculates the updated apriori statistical information of
the data stream according to a formula (31). The up-
sampling module 2023 and the Fourier transform unit 206
acquire updated apriori statistical information of the code
chip in frequency domain according to a formula (30). Next,
the soft information estimator 201 and the down-sampling
module 2021 calculate the updated external soft information
of the data stream in the time domain according to the
formulas (26) to (29), to enable performing of a new turn of
iteration calculation.

The iteration control unit 203 controls the soft informa-
tion estimator 201, the Fourier transform unit 206 and the
updating unit 202 to repeat the above calculation, until a
predetermined condition is met. The predetermined condi-
tion may refer to for example that a predetermined number
of iterations is reached. In a case that the predetermined
condition is met, the decision unit 204 performs hard deci-
sion based on the external soft information of the code chip
at this time. For example, in FIG. 12, the decision unit 204
may perform hard decision on output of the decoder.

In addition, it should be noted that the Fourier transform
unit 206 described here plays two roles. The Fourier trans-
form unit 206 performs FFT on the received data before
enters into the iteration operation, and performs FFT on the
apriori statistical information in the iteration operation. In
practice, two FFT modules may be provided respectively, or
one FFT module may be shared. With reference to FIG. 12,
it can be understood that the Fourier transform unit 206
configured to perform FFT on the apriori statistical infor-
mation may be a part of the soft information estimator 201
in function.

The apparatus 200 according to the embodiment estimates
soft information of the real part and the imaginary part of the
received data with a chip-by-chip detection method, to
enable reception of an FBMC-IDMA signal in various
modulation formats, thereby resisting external spectrum
interference better.

In order to better understand advantages of the FBMC-
IDMA communication system in the present disclosure,
comparison of performance of the NCP FBMC-IDMA com-
munication system and the CP FBMC-IDMA communica-
tion system with performance of an existing OFDM-IDMA
communication system is given below by simulation. The
NCP FBMC-IDMA communication system includes the
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transmitting end in FIG. 3, the receiving end in FIG. 10, and
an MAC for connecting the transmitting end and the receiv-
ing end. The CP FBMC-IDMA communication system
includes the transmitting end in FIG. 4, the receiving end in
FIG. 12 and an MAC for connecting the transmitting end
and the receiving end. Procedures of system signaling of the
NCP FBMC-IDMA communication system and the CP
FBMC-IDMA communication system are as shown in FIG.
7. A block diagram of the OFDM-IDMA communication
system is shown in FIG. 13, each module in which may be
implemented by existing technology, and is described briefly
below.

At the transmitting end (Tx), a bit vector by, (the bit vector
may be encoded or not) of transmitting information of a k-th
user is inputted to an spreader, to obtain a spread code chip
vector ¢,. The spreading sequence is for example an alter-
nate sequence of {+1, —=1}. Then, ¢, is inputted to an
interleaver 7, to be interleaved, to obtain an interleaved code
chip vector c,. Interleavers of K users must be different from
each other, so that the system can distinguish the users from
each other. Next, symbol mapping is performed on ¢, to
obtain a data stream x,(m), k=1, 2, . . . , K. Then, serial/
parallel (S/P) transform is performed on the data stream, to
perform inverse discrete Fourier transform (IDFT). Parallel/
serial (P/S) transform is performed on the transformed data,
and a cyclic prefix (CP) is added to obtain the transmitting
data. The transmitting data is transmitted to the receiving
end through the MAC. At the receiving end, the CP is
removed first, and S/P transform and DFT are performed,
and finally an elementary signal estimator (ESE) is used to
estimate external soft information, which is used for decod-
ing.

Parameters related to the system are described as follows.
The number of active users is K=4, the number of sub-
carriers is M=8, and a random interleaver is used by each
user. A constellation diagram represents QPSK modulation,
and a channel is a Rayleign fading channel having 16 taps.
Each user selects D sub-carriers, the number of iterations at
a receiver is 12, and the CP length is N_=max {[(N+L-1)/
P], L}=16, a filter in the filter bank in FBMC-IDMA is
incomplete reconstruction designed, as shown in FIG. 14.
The length of the filter is N;=64, an up-sampling rate of the
filter bank is P=8, a spread length in the FBMC-IDMA is
S=4, and a spread length of the OFDM-IDMA is S=32.

FIG. 15 to FIG. 17 show comparison of changes of bit
error rates (BERs) in three systems with a signal to noise
ratio (SNR) in cases that the user selects 3 sub-carriers, 5
sub-carriers and 7 sub-carriers respectively. It can be seen
that, in the three cases, under a condition of the same SNR,
the CP FBMC-IDMA has the optimal performance, the NCP
FBMC-IDMA has intermediate performance, and the
OFDM-IDMA has the poorest performance. With an
increase in the SNR, improvement of the system perfor-
mance of FBMC-IDMA is more significant, which proves
the improvement to the system performance produced by the
FBMC-IDMA communication system in the present disclo-
sure.

Third Embodiment

A soft information estimator is provided according to the
embodiment. The soft information estimator is configured to
calculate, based on received data and apriori statistical
information of a real part and an imaginary part of each
group of code chip for each user, external soft information
of the real part and the imaginary part of the code chip
respectively, wherein, the apriori statistical information is
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acquired based on apriori soft information of the code chip
and an initial value of the apriori soft information is O.

The soft information estimator performs processing chip-
by-chip, and estimates for a real part and an imaginary part
of received data respectively. The soft information estimator
may be applied to various modulation formats such as
BPSK, QPSK, QAM and the like. The soft information
represents a probability that the received data is determined
as different transmitting values.

The soft information estimator may be applied to for
example the FBMC-IDMA communication systems accord-
ing to the first embodiment and the second embodiment.
Operations of the soft information estimator are different for
the NCP-FBMC-IDMA communication system and the CP-
FBMC-IDMA communication system, detailed description
of' which may be found in the second embodiment, and is not
described repeatedly here anymore.

Fourth Embodiment

In the process of describing the apparatuses for a trans-
mitting end and a receiving end of wireless communication
system and the soft information estimator in the embodi-
ments described above, obviously, some processing and
methods are also disclosed. Hereinafter, an overview of the
methods is given without repeating some details disclosed
above. However, it should be noted that, although the
methods are disclosed in a process of describing the appa-
ratuses for a transmitting end and a receiving end of wireless
communication system and the soft information estimator,
the methods do not certainly employ or are not certainly
executed by the aforementioned components. For example,
the embodiments of the above apparatus may be partially or
completely implemented with hardware and/or firmware, the
methods described below may be executed by a computer-
executable program completely, although the hardware and/
or firmware of the above apparatus can also be used in the
methods.

FIG. 18 is a flowchart of a method for a transmitting end
of a wireless communication system according to an
embodiment of the present disclosure, the method includes:
performing interleaving processing on information to be
transmitted (S11); and transmitting the interleaved informa-
tion in parallel using particular preselected sub-carriers
(S12).

In an example, the above step S12 may further include
performing up-sampling on the interleaved information,
inputting the up-sampled information to filters correspond-
ing to the sub-carriers, and combining output of the filters
for transmitting. A cyclic prefix may also be inserted into the
interleaved information before the up-sampling is performed
on the interleaved information.

The above method may be executed by user equipment. In
this case, the above method may further include receiving
information as to whether a cyclic prefix is to be used and/or
information about the number N of the sub-carriers to be
selected, from a base station. Correspondingly, the above
method may further include randomly selecting N sub-
carriers as the particular sub-carriers. In addition, informa-
tion related to a data length and the filter bank may also be
received from the base station, so that the user equipment
performs data packeting and filter generation based on the
related information.

In another aspect, the above method may be executed by
the base station. In this case, the above method may further
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include determining whether to use a cyclic prefix and the
number of sub-carriers to be used based on a result of
channel estimation.

In addition, the base station may receive a training
sequence and a quality of service requirement from the user
equipment, so that the base station performs channel esti-
mation based on the training sequence and the quality of
service requirement, and transmit information as to whether
to use a cyclic prefix and/or the number of sub-carriers to be
used to the user equipment. The above method may further
include transmitting information related to a data length and
the filter bank to the user equipment upon receiving a data
transmission request from the user equipment. The informa-
tion related to the filter bank includes for example at least
one of the number of sub-carriers, a length of the filter, a
center frequency and a bandwidth.

FIG. 19 is a flowchart of a method for a receiving end of
a wireless communication system according to an embodi-
ment of the present disclosure. The method includes: cal-
culating, based on received data and apriori statistical infor-
mation of a real part and an imaginary part of each group of
code chip for each user, external soft information of the real
part and the imaginary part of the code chip respectively
(S21), wherein, the apriori statistical information is acquired
based on apriori soft information of the code chip and an
initial value of the apriori soft information is 0; updating,
based on the external soft information, the apriori soft
information corresponding to the code chip of the user, and
updating, based on the updated apriori soft information, the
apriori statistical information corresponding to the code chip
of the user (S22); performing iteration operation on the
above mentioned processing S21 and S22, until a predeter-
mined condition is satisfied (S23); and performing hard
decision based on the external soft information of the code
chip in the case of satisfying the predetermined condition
(S24).

The predetermined condition refers to for example that a
predetermined number of iterations is reached.

Since up-sampling is performed at the transmitting end,
the step S22 may further include: performing down-sam-
pling on the external soft information to obtain second
external soft information of a data stream corresponding to
the user, updating the apriori soft information of the data
stream corresponding to the user using the second external
soft information, and calculating apriori statistical informa-
tion of the data stream corresponding to the user based on
the updated apriori soft information; and performing up-
sampling on the updated apriori statistical information to
obtain apriori statistical information of the code chip.

For example, the apriori soft information of the data
stream corresponding to the user may be updated by: per-
forming de-mapping, de-interleaving and decoding corre-
sponding to the user using the second external soft infor-
mation to acquire third external soft information; and
performing interleaving and mapping using the third exter-
nal soft information to acquire the updated apriori soft
information.

In an example, in the NCP FBMC-IDMA communication
system, the apriori statistical information includes a mean
value and variance. Step S21 includes: calculating a mean
value matrix and a covariance matrix of a sum of interfer-
ence and noise based on the mean value and the variance of
the code chip, to obtain the external soft information of the
code chip. Formulas are given in detail in the second
embodiment, and are not repeated here anymore.

In another example, in a case that a cyclic prefix is
inserted into the transmitting data, for example in the CP
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FBMC-IDMA communication system, although not shown
in FIG. 19, the above method may further include the
following steps before step S21: removing the cyclic prefix
in the received data, and performing FFT on the received
data from which the cyclic prefix is removed, and providing
the transformed received data as the received data in step
S21. In the example, in step S21, the external soft informa-
tion is calculated in frequency domain. Specifically, updated
statistical information in frequency domain is calculated
based on the apriori statistical information of the code chip
in frequency domain and the transformed receiving data;
inverse fast Fourier transform (IFFT) is performed on the
updated statistical information in frequency domain, to
obtain statistical information in time domain; and the exter-
nal soft information is calculated based on the statistical
information in time domain. The apriori statistical informa-
tion of the code chip in frequency domain is acquired by
performing FFT on the up-sampled apriori statistical infor-
mation of the data stream in time domain.

In the example, the apriori statistical information includes
a mean value. A mean value of a sum of interference and
noise is calculated based on the mean value of the code chip
in frequency domain, to obtain an updated mean value of the
code chip in frequency domain. IFFT is performed on the
updated mean value in frequency domain to obtain a mean
value in time frequency. The external soft information is
calculated using the mean value of the code chip in time
domain. Formulas are given in detail in the second embodi-
ment, and are not repeated here anymore.

In the description with reference to FIG. 18 and FIG. 19,
a soft information estimating method is further provided,
which includes: calculating, based on received data and
apriori statistical information of a real part and an imaginary
part of each group of code chip for each user, external soft
information of the real part and the imaginary part of the
code chip respectively, wherein, the apriori statistical infor-
mation is acquired based on apriori soft information of the
code chip and an initial value of the apriori soft information
is 0.

It is to be noted that, the above methods can be used
separately or in conjunction with each other. The details
have been described in detail in the first to third embodi-
ments, and are not repeatedly described here.

The basic principle of the present invention has been
described above in conjunction with particular embodi-
ments. However, as can be appreciated by those ordinarily
skilled in the art, all or any of the steps or components of the
method and device according to the invention can be imple-
mented in hardware, firmware, software or a combination
thereof in any computing device (including a processor, a
storage medium, etc.) or a network of computing devices by
those ordinarily skilled in the art in light of the disclosure of
the invention and making use of their general circuit design-
ing knowledge or general programming skills.

It can be understood by those skilled in the art that, the
interleave division multiple access unit, the filter bank
multi-carrier unit, the determining unit, the selecting unit,
the soft information estimator, the updating unit, the itera-
tion control unit, the decision unit or the like in the above
apparatus may be implemented by one or more processors,
and a transceiving unit or the like in the above apparatus
may be implemented by circuit components such as an
antenna, a filter, a modem, and a codec.

Therefore, an electronic device (1) is further provided in
the present disclosure, which includes a circuit configured
to: perform interleaving processing on information to be
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transmitted; and transmit interleaved information in parallel
using particular preselected sub-carriers.

An electronic device (2) is further provided in the present
disclosure, which includes a circuit configured to: calculate,
based on received data and apriori statistical information of
a real part and an imaginary part of each group of code chip
for each user, external soft information of the real part and
the imaginary part of the code chip respectively, where the
apriori statistical information is acquired based on apriori
soft information of the code chip, and an initial value of the
apriori soft information is zero; update, based on the external
soft information, the apriori soft information of a code chip
corresponding to the user, and update, based on the updated
apriori soft information, the apriori statistical information of
the code chip corresponding to the user; perform an iteration
operation on the above processing until a predetermined
condition is met; and perform hard decision based on the
external soft information of the code chip in a case that the
predetermined condition is met.

An electronic device (3) is further provided in the present
disclosure, which includes a circuit configured to calculate,
based on received data and apriori statistical information of
a real part and an imaginary part of each group of code chip
for each user, external soft information of the real part and
the imaginary part of the code chip respectively, wherein, the
apriori statistical information is acquired based on apriori
soft information of the code chip, and an initial value of the
apriori soft information is zero.

Moreover, the present invention further discloses a pro-
gram product in which machine-readable instruction codes
are stored. The aforementioned methods according to the
embodiments can be implemented when the instruction
codes are read and executed by a machine.

Accordingly, a memory medium for carrying the program
product in which machine-readable instruction codes are
stored is also covered in the present invention. The memory
medium includes but is not limited to soft disc, optical disc,
magnetic optical disc, memory card, memory stick and the
like.

In the case where the present application is realized by
software or firmware, a program constituting the software is
installed in a computer with a dedicated hardware structure
(e.g. the general computer 2000 shown in FIG. 20) from a
storage medium or network, wherein the computer is
capable of implementing various functions when installed
with various programs.

In FIG. 20, a central processing unit (CPU) 2001 executes
various processing according to a program stored in a
read-only memory (ROM) 2002 or a program loaded to a
random access memory (RAM) 2003 from a memory sec-
tion 2008. The data needed for the various processing of the
CPU 2001 may be stored in the RAM 2003 as needed. The
CPU 2001, the ROM 2002 and the RAM 2003 are linked
with each other via a bus 2004. An input/output interface
2005 is also linked to the bus 2004.

The following components are linked to the input/output
interface 2005: an input section 2006 (including keyboard,
mouse and the like), an output section 2007 (including
displays such as a cathode ray tube (CRT), a liquid crystal
display (LCD), a loudspeaker and the like), a memory
section 2008 (including hard disc and the like), and a
communication section 2009 (including a network interface
card such as a LAN card, a modem and the like). The
communication section 2009 performs communication pro-
cessing via a network such as the Internet. A driver 2010
may also be linked to the input/output interface 2005 if
needed. If needed, a removable medium 2011, for example,
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a magnetic disc, an optical disc, a magnetic optical disc, a
semiconductor memory and the like, may be installed in the
driver 2010, so that the computer program read therefrom is
installed in the memory section 2008 as appropriate.

In the case where the foregoing series of processing is
achieved by software, programs forming the software are
installed from a network such as the Internet or a memory
medium such as the removable medium 2011.

It should be appreciated by those skilled in the art that the
memory medium is not limited to the removable medium
2011 shown in FIG. 20, which has program stored therein
and is distributed separately from the apparatus so as to
provide the programs to users. The removable medium 2011
may be, for example, a magnetic disc (including floppy disc
(registered trademark)), a compact disc (including compact
disc read-only memory (CD-ROM) and digital versatile disc
(DVD), a magneto optical disc (including mini disc (MD)
(registered trademark)), and a semiconductor memory.
Alternatively, the memory medium may be the hard discs
included in ROM 2002 and the memory section 2008 in
which programs are stored, and can be distributed to users
along with the device in which they are incorporated.

To be further noted, in the apparatus, method and system
according to the invention, the respective components or
steps can be decomposed and/or recombined. These decom-
positions and/or recombinations shall be regarded as equiva-
lent schemes of the invention. Moreover, the above series of
processing steps can naturally be performed temporally in
the sequence as described above but will not be limited
thereto, and some of the steps can be performed in parallel
or independently from each other.

Finally, to be further noted, the term “include”, “com-
prise” or any variant thereof is intended to encompass
nonexclusive inclusion so that a process, method, article or
device including a series of elements includes not only those
elements but also other elements which have been not listed
definitely or an element(s) inherent to the process, method,
article or device. Moreover, the expression “comprising a(n)

” in which an element is defined will not preclude

presence of an additional identical element(s) in a process,
method, article or device comprising the defined element(s)”
unless further defined.

Although the embodiments of the invention have been
described above in detail in connection with the drawings, it
shall be appreciated that the embodiments as described
above are merely illustrative but not limitative of the inven-
tion. Those skilled in the art can make various modifications
and variations to the above embodiments without departing
from the spirit and scope of the invention. Therefore, the
scope of the invention is defined merely by the appended
claims and their equivalents.

The invention claimed is:

1. An apparatus for a transmitting end of a wireless
communication system, comprising:

an interleave division multiple access unit, configured to

perform interleaving processing on information to be

transmitted; and

a filter bank multi-carrier unit, configured to transmit the

interleaved information in parallel using particular pre-

selected sub-carriers, comprising

an up-sampling module configured to perform up-
sampling on the interleaved information,

a filter bank comprising a plurality of filters, each of
which corresponds to a sub-carrier, wherein the
up-sampled user information is inputted to one or
more filters corresponding to the particular pre-
selected sub-carriers,
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a combining module configured to combine output of
the one or more filters for transmitting, and

a cyclic prefix module configured to insert a cyclic
prefix into the interleaved information before the
up-sampling is performed on the interleaved infor-
mation.

2. The apparatus according to claim 1, wherein the
transmitting end is user equipment, and the apparatus further
comprises a transceiving unit configured to receive, from a
base station, information as to whether a cyclic prefix is to
be used and/or information about the number N of the
sub-carriers to be selected.

3. The apparatus according to claim 2, wherein the
transceiving unit is further configured to receive, from the
base station, information related to a data length and the
filter bank, so that the user equipment performs data pack-
eting and filter generation based on the related information.

4. The apparatus according to claim 2, wherein the
apparatus further comprises a selecting unit configured to
randomly select N sub-carriers as the particular sub-carriers.

5. The apparatus according to claim 1, wherein the
transmitting end is a base station, and the apparatus further
comprises a determining unit configured to determine, based
on a result of channel estimation, whether to use a cyclic
prefix and the number of sub-carriers to be used by user
equipment.

6. The apparatus according to claim 5, further comprising:

a transceiving unit, configured to receive, from the user

equipment, a training sequence and a quality of service
requirement, so that the base station performs channel
estimation based on the training sequence and the
quality of service requirement, and transmits informa-
tion as to whether to use a cyclic prefix and/or the
number of sub-carriers to be selected to the user
equipment.

7. The apparatus according to claim 6, wherein the
transceiving unit is further configured to, upon receiving a
data transmitting request from the user equipment, transmit
information related to a data length and a filter bank to the
user equipment.

8. The apparatus according to claim 7, wherein the
information related to the filter bank comprises at least one
of the number of sub-carriers, a length of the filter, a center
frequency, and a bandwidth.

9. A method for a transmitting end of a wireless commu-
nication system, comprising:

performing interleaving processing on information to be

transmitted;

inserting a cyclic prefix into the interleaved information

before up-sampling is performed on the interleaved
information;

performing up-sampling on the interleaved information;

inputting the up-sampled interleaved information to one

or more filters of a filter bank corresponding to par-
ticular preselected sub-carriers, the filter bank includ-
ing a plurality of filters, each of the plurality of filters
corresponding to a sub-carrier of a plurality of sub-
carriers;

combining output of the one or more filters for transmit-

ting; and

transmitting the interleaved information in parallel using

the particular pre-selected sub-carriers.

10. An apparatus for a transmitting end of a wireless
communication system, comprising:

circuitry configured to

perform interleaving processing on information to be

transmitted;
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insert a cyclic prefix into the interleaved information
before up-sampling is performed on the interleaved
information;

perform up-sampling on the interleaved information;

input the up-sampled interleaved information to one or

more filters of a filter bank corresponding to particular
preselected sub-carriers, the filter bank including a
plurality of filters, each of the plurality of filters cor-
responding to a sub-carrier of a plurality of sub-
carriers;

combine output of the one or more filters for transmitting;

and

transmit the interleaved information in parallel, using the

particular pre-selected sub-carriers.

11. The apparatus according to claim 10, wherein the
transmitting end is user equipment, and the circuitry is
further configured to receive, from a base station, informa-
tion as to whether a cyclic prefix is to be used and/or
information about the number N of the sub-carriers to be
selected.

12. The apparatus according to claim 11, wherein the
circuitry is further configured to receive, from the base
station, information related to a data length and the filter
bank, so that the user equipment performs data packeting
and filter generation based on the related information.
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13. The apparatus according to claim 11, wherein the
circuitry is further configured to randomly select N sub-
carriers as the particular sub-carriers.

14. The apparatus according to claim 10, wherein the
transmitting end is a base station, and the circuitry is further
configured to determine, based on a result of channel esti-
mation, whether to use a cyclic prefix and the number of
sub-carriers to be used by user equipment.

15. The apparatus according to claim 14, wherein the
circuitry is further configured to receive, from the user
equipment, a training sequence and a quality of service
requirement, so that the base station performs channel
estimation based on the training sequence and the quality of
service requirement, and transmits information as to whether
to use a cyclic prefix and/or the number of sub-carriers to be
selected to the user equipment.

16. The apparatus according to claim 15, wherein the
circuitry is further configured to, upon receiving a data
transmitting request from the user equipment, transmit infor-
mation related to a data length and a filter bank to the user
equipment.

17. The apparatus according to claim 16, wherein the
information related to the filter bank comprises at least one
of the number of sub-carriers, a length of the filter, a center
frequency, and a bandwidth.
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